One of the adverse impacts of climate change is drought, and the complex nature of droughts makes them one of the most important climate hazards. Drought indices are generally used as a tool for monitoring changes in meteorological, hydrological, agricultural and economic conditions. In this study, we focused on meteorological drought events in the High Ziz river Basin, central High Atlas, Morocco. The application of drought index analysis is useful for drought assessment and to consider methods of adaptation and mitigation to deal with climate change. In order to analyze drought in the study area, we used two different approaches for addressing the change in climate and particularly in precipitation, i) to assess the climate variability and change over the year, and ii) to assess the change within the year timescale (monthly, seasonally and annually) from 1971 to 2017. In first approach, precipitation data were used in a long time scale e.g. annual and more than one-year period. For this purpose, the Standardized Precipitation Index (SPI) was considered to quantify the rainfall deficit for multiple timescales. For the second approach, trend analysis (using the Mann-Kendall (M-K) test) was applied to precipitation in different time scales within the year. The results showed that the study area has no significant trend in annual rainfall, but in terms of seasonal rainfall, the magnitude of rainfall during summer revealed a positive significant trend in three stations. A significant negative and positive trend in monthly rainfall was observed only in April and August, respectively.
Introduction
Drought is a natural hazard characterized as having below normal precipitation as a result of numerous variables acting on multiple time scales (months to years) and it can vary spatially, thus, drought can have impacts on various sectors, especially on hydrological conditions, agriculture and ecosystems (Homdee et al. 2016) . Drought analysis can gather information which can serve as the basis for integrated water resources management under climate variability/change conditions especially on the basin scale (Stagge et al. 2015; Huang et al. 2015; Oloruntade et al. 2017) . Issues of climate variability/change have been a concern for scientists and policymakers for decades because of their immediate and long-lasting environmental consequences. The conclusions of analyses made on climate change by the Intergovernmental Panel on Climate Change (IPCC 2000 (IPCC , 2007 have shown a change in the energy balance of the "Earth-Ocean-Atmosphere-Biosphere" system. Drought has continued to be one of the most threatening natural hazards in the present century (Oliveira-Júnior et al. 2018) , and is likely to develop more rapidly than the mean climate under global warming (Dai et al. 2004) . Meteorological drought is a climatic phenomenon rather than a hazard itself, but it is often confused with other climatic conditions to which it is related, particularly aridity. It becomes hazardous when it transforms to agricultural or hydrological drought, which depends on other factors than the lack of rainfall alone. In such a case it has adverse effects on all sectors depending on water resources (Lin et al. 2007; Mishra and Singh 2010; Darabi et al. 2017; Haghighi et al. 2018; Ashraf et al. 2018) . The spatial extent of drought is generally much greater than other natural disasters, the impacts are generally non-structural and difficult to quantify. Compared with other hydrological hazards, such as floods, the development of droughts is slow and it is very difficult to identify the moment at which droughts start and finish (Burton et al. 1978) .Thus, drought is probably the best example of a "penetrating" natural hazard. In general, droughts are recognized only when human activities and the environment are affected (Vicente-Serrano and López-Moreno 2005; Haghighi et al. 2018) .
The purpose of this study is to investigate precipitation variability and its trend over the Ziz River basin, which is located in the central high Atlas in southeastern Morocco, between 197 and 2017. The variability of precipitation has been principally established on the basis of the calculation of the standardized precipitation index (SPI), developed by McKee et al. (1993) which indicates the severe and lasting nature of the drought in this catchment, and the results could help policymakers to target intervention strategies, adapt agricultural and pastoral projects to climate change and consequently reduce the impact of drought periods. The precipitation trend analysis has been conducted using the Mann-Kendall (M-K) test.
Study area
The study was carried out in the upper part of the Ziz River basin, which is located in the central high Atlas, in south-eastern Morocco (Fig. 1 ). It extends from the east of the central high Atlas to the western part of the eastern high Atlas. It is limited in the north by upper Moulouya (Eastern Meseta), in the south by the eastern Anti-Atlas. It contains superficial and deep layers.
The area of Ziz River basin is 4001.3 km 2 . It is a mountainous area with a wide range of variation in altitudes (from 3499 m a.s.l. in the Zaouiat Sidi Hamza to less than 1149 m a.s.l. in the Outlet of Foum Zaabel), complex topography, dominated by steep slopes. Relief and lithology are illustrated in (Fig. 2) , which shows that the high Ziz basin consists essentially of dolomite, limestone, calcareous marl alternations, and silico-clastic detritus (Igmoullan et al. 2001) . The Ziz river flows north-south across a Paleozoic area (limestone, shale and clays), the Inner Sierras (limestone and sandstones) and the Flysch sector, it then arrives at the Inner depression (marls), and runs northward until the outlet of Foum Zaabel. 
Methods
In this study, by considering the level and duration of drought and the trend of precipitation in different time scales, we tried to address the climate variability and change over the study area. In order to analyze the drought and variability of precipitation, we used two different approaches for addressing the change in climate and particularly in precipitation, assess the climate variability and change over the years and within the year timescale (monthly, seasonally and annually) in the period 1971 to 2017. The monthly precipitation data from four metrological stations were used in the analysis (Table 1) .
In the first approach, precipitation data were used in a longer time scale, annual and more than one-year period, for this reason change in Standardized Precipitation Index (SPI) was considered to quantify the rainfall deficit for multiple timescales as 12, 36, 60 and 120 months. In the second approach, trend analysis was applied for precipitation in different short-time scales within a year by using the Mann-Kendall (M-K) test e.g. monthly, quarterly, semester and annual trends. The two methods, SPI and M-K are explained as follows.
Standardized Precipitation Index (SPI)
The Standardized Precipitation Index (SPI) was used to illustrate meteorological drought, which is caused by a deficiency of precipitation. It was developed by Mc-Kee et al. (1993) . The SPI is an index based on the probability of precipitation for any time scale. In McKee et al. (1993) , SPI was calculated at, 6, 12, 24, 36, and 48-month time scales based on Fort Collins, Colorado data. Then long-term precipitation data were fitted into a probability distribution, after which they were trans- formed into a standard distribution. Thus, the region specific deviation from the data is largely eliminated. Zero denotes normal conditions, while positive and negative values indicate wet and dry conditions. The SPI index can provide early warnings to help assess drought severity. However, it is only derived from the meteorological element of precipitation without considering other important parameters for the description of drought, such as evapotranspiration or soil moisture. Therefore, a more comprehensive index should also be used to serve as a comparison.
To calculate the SPI index at a specific location, the precipitation record for a long-term period is collected and this data is fitted to a probability distribution and then converted into a normal distribution. Estimating the SPI involves describing the frequency distribution of precipitation using a gamma probability density function:
where: x is the precipitation amount, α is the shape parameter, β is the scale parameter and the gamma function is expressed as:
The maximum likelihood method is used to estimate the optimal values of α and β (Thom 1966) :
where: n is the number of precipitation records, and x is the amount of average precipitation. The cumulative probability for a given month can then be obtained by applying the following equation:
Setting t = x/βˆ, the incomplete gamma function can be obtained:
It is possible to have several zero values in a sample set. In order to account for the zero value, because the gamma distribution is undefined for x = 0, the cumulative probability function for gamma distribution is modified as:
where: q and (1 -q) denote the probabilities of zero and non-zero precipitations, respectively. The SPI is then derived from the cumulative probability, as follows:
where: c0 = 2.515517, c1 = 0.802853, c2 = 0.010328, d1 = 1.432788, d2 = 0.189269, d3 = 0.001308 (Lloyd-Hughes 
Trend analysis
The non-parametric Mann-Kendall test (Gilbert 1987; Kendall 1948; Mann 1945) has generally been used to determine the significance of a trend at a site (Pirnia et al. 2018) . This test is based on the statistic S:
where: n is the length of the data and x j and x k are the data values in a time series k and j (j > k), respectively. In cases where the sample size n ≥10, the mean and variance are given by: E(s) = 0.
[11]
Var(s) = σ s {n(n − 1)(2n + 5) − Σ r 1 t (t − 1)(2t i i i + 5)}/18. √ [12] In Equation (12), n is the number of tied groups and ti denotes the number of ties of extent i. A tied group is a set of sample data having the same value. The standard normal test statistic Z is computed as: According to Equation 13 positive values of Z show increasing trends while a negative Z indicates decreasing trends. The testing of trends is made at a specific significance level α. The significance level α = 0.05 was used in this study. At the 5% significance level, the null hypothesis of no trend is rejected if |Z| >1.96 (Mann 1945; Kendall 1975; Darabi et al. 2019 ). The trend analysis was done for monthly, quarterly and semesterly (6 months) rainfall. For monthly analysis we calculated the trend for each month separately. For quarterly and semesterly rainfall analysis we produced a time series of three and six months rainfall then we evaluated the trend. For example for quarterly, the summing up of three continuous months' rainfall were calculated, e.g. January to March (JFM), February to April (FMA), and December to February (DJF); we then evaluated the trend for each three continuous months separately. Finally there are 37 items (12 monthly, 12 quarterlies, 12 semesterly and an annual) for trend analysis. The result for each item was categorised as a positive (Z>0) and negative (Z<0) trend (α ≤ 0.05) or a positive (Z>0) and negative (Z<0) tendency (α > 0.05).
Results

Analysis of SPI and characteristics of drought
The overall results of four stations revealed a clear cyclic pattern of wet and dry period conditions ( Fig.  3 and Table 3 ). Long-term variability of precipitation over the regions showed in clear contrast to a dry period which began in the late nineteen seventies and a wet period which was observed from late nineteen nineties (Fig 3 and Table 3 ). For all stations the wettest decade and other periods e.g. 12 months (annual), 36 months (3 years) and 60 months (5 years) were observed after 2002 (Table 3 and Fig. 3) . The driest decade for Zaouiat Sidi Hamza, M'Zizel and Foum Tillicht began in 1977 /02, 1976 /10 and 1978 /01 respectively (all in late nineteen-seventies) while for Foum Zaabel it began in 1996/09 (Table 3 and Fig. 3) .
The results of the SPI analysis at the Zaouiat Sidi Hamza station revealed that the driest and wettest 12 months started from Dec-1983 (which indicate extreme drought, the SPI was 2.0) and Nov-2014 (which indicate extreme wet, the SPI was +2.74) ( Fig. 3 and Table 3 ). Further, all long-term wettest periods including three, five and ten years started from 2006 while the driest periods began in 1981, 1979 and 1977 respectively (Table 3 ). There is a remarkable dominance of dry and wet periods (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) and (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) .
For the M'Zizel station the result shows a dominance of dry and wet periods during (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) and (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) respectively (Fig. 3) . In addition, the wettest 12 months started from Jan-2008 while the driest year was observed from Mar-1981 to Feb-1982 Fig. 3 and Table 3 ). Further long-term wet periods began in 2006, 2006 and 2005 for periods of three, five and ten years while other dry periods started in 1998, 1997 and 1976 respectively (Table 3) . At the Foum Zaabel station the results confirm alternating dry and wet peri- Extremely wet (EW) 1.5 ≤ SPI < 2.0
Severely wet (SW) 1.0 ≤ SPI < 1.5
Moderately wet (MW) 0 ≤ SPI < 1.0
Normally wet (NW) −1.0 ≤ SPI < 0
Normally dry (ND) −1.5 ≤ SPI < −1.0
Moderately dry (MD) −2.0 ≤ SPI < −1.5
Severely dry (SD) SPI < −2.0
Extremely dry (ED) ods (Fig. 3) . The wettest and driest years began from Feb-2008 and Jun-2000 (Table 3 ). Long-term droughts at this station began from 2000, 1996 and 1996 for 3, 5 and 10 years periods respectively (Table 3 and 
Trend analysis
Annual rainfall trend analysis over the four stations indicates that there are no significant positive or negative trends. There is a negative tendency in rainfall at Foum Tillicht and a positive tendency at the Foum Zaabel, Zaouiat Sidi Hamza and M'Zizel stations (Fig. 4) .
For overall monthly trends we observed a positive significant trend or tendency in rainfall in 67% of months (Fig. 5) . Monthly trend analysis revealed that 17% and 8% of the months displayed a significant positive and negative trend while 50% and 25% of the months revealed positive and negative tendencies (Fig.  5) . A significant positive trend was observed in August (at all stations), July (at M'Zizel and Foum Zaabel) and March (at Foum Tillicht and M'Zizel) while, a signifi-cant negative trend was observed in April at all stations (Fig. 5 ). In the other months, trend analysis confirmed no significant trend in monthly rainfall (Fig. 5 ). There was a positive tendency in September, October and June (at all stations), February (Zaouiat Sidi Hamza, M'Zizel and Foum Zaabel), in November (Zaouiat Sidi Hamza, Foum Tillicht and Foum Zaabel). Quarterly trend analysis of rainfall shows a positive trend during summer in JJA (June, July and August) for all stations and JAS and ASO at the Zaouiat Sidi Hamza station (Fig. 6 ). Further, only in AMJ (April, May and June) did we observe negative trend in AMJ at Foum Zaabel (Fig. 6) . The rest of quarterly data shows a positive (50%) or negative tendency (35%).
Regarding semesterly rainfall, significant and positive trends were observed during MJJASO (May-October), JJASON (June-November) and JASOND (June-December) at Zaouiat Sidi Hamza, in MJJASO (May-October) and JJASON (June-November) at M'Zizel and JJASON (June-November) at Zaabel (Fig.  7) . In the other six months of trend analysis, we found a positive (62.5%) or negative tendency (19%). 
Conclusion
This paper presents a study to evaluate drought recurrence and rainfall variability using the SPI and Man-Kendall test in different time scales in the High Ziz river Basin, central High Atlas, Morocco. The following conclusions can be drawn from the study; the results of our study revealed that annual rainfall magnitude in Zaouiat Sidi Hamza, M'Zizel and Foum Zaabel have a positive tendency while in Foum Tillicht we observed a negative tendency. At all stations, the trend was not significant annually. In April and August, the rainfall showed negative and positive trends at all stations. The overall monthly trend indicated in 67% of months was a positive significant (17%) trend or tendency (50%) in rainfall. Quarterly trend analysis of rainfall displayed a positive trend during summer in JJA (June, July and August) for all stations, while only in Foum Zaabel was a negative trend observed in AMJ (April, May, June).
In general, the calculation of the standardized precipitation index and the obtained results allowed us to establish the sequences of droughts at the four stations of the Ziz basin. The results indicated an alternation of wet and dry sequences: i) Long-term variability of precipitation over the regions showed in contrast to a dry period, which started in the late nineteen seventies, a wet period observed from the late nineteen nineties; ii) Maximum SPI and the wettest periods were recorded after 2002, iii) for Foum Zaabel, the driest decade began 1996 while for the other stations the driest period commenced in around 1977.
